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Abstract 
The aim of the study is to analyze the ways women are empowed through information and communication 
technology (ICT) and fostering the process of achieving the Sustainable Development Goals (SDGs). Women in 
developing countries are facing economic and social hardships and have limited access to ICT, which in turn 
translate into their lack of skills, lower literacy rate and restricted social engagement. Therefore, present study 
explores the role of ICT on women empowerment in 51 developing countries by conducting dynamic panel data 
modelling over the period of 2000-17. The study finds that ICT has significant and positive contribution on female 
labor force participation rate. We have used Generalized Method of Moment (GMM) for handling estimation of 
dynamic panel data. Control variables like GDP growth and government expenditure on education have positive 
and statistically significant role to enhance women empowerment. Findings of this study implies that the ICT has 
an impact on women empowerment and ICT can help in achieving the SDGs related to women empowerment. 
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1. Introduction 
Information and communication technologies in the last two decades have been recognised as an important 
indicator for women’s empowerment. There is no exact and universal definition of ICT, most of the time it includes 
all devices, networking components, applications and systems that allow individuals and institutions to act together 
easily in the digital world like cell phone and internet.  
ICT access through mobile phones and broadband has increased more rapidly than those of other 
technologies. Broadband subscribers increased more than double in eight years it was 527 million in 2010 and in 
2018 it became 1.1 billion (GDR 2019). The number of internet users worldwide have increased up to three fold 
in the last few years, from 1 billion users in 2005 to 3.2 billion users in 2015 (ITU 2017). According to the latest 
Global Digital Report, the internet users are 4.39 billion while cell phone users are 5.11 billion (GDR 2019). It has 
been found that 1.3 billion internet users are women as (37% in whole world are using the Internet), while 1.5 
billion men online (41% of all men), which correspond to 200 million fewer women online (World Bank 2016).  
International organizations (UN and World Bank) are promoting ICT as a tool for empowering women and 
ICT is the main attribute of the Sustainable Development Goals. The SDGs have focused on women’s 
empowerment and enhancement of ICTs. The easy and quick access of ICT for women can facilitate and accelerate 
the achievement of the SDGs. It has been observed that women’s use of ICT is greatly lagging behind than that of 
men in the developing world (Perryman & Arcos 2016). Therefore, gender inequality is imperative policy concern 
in the SDGs agenda (Asongu & Odhiambo 2018). It is important to understand that for the development of a 
nation, the steps should be taken for  women’s empowerment. 
ICT is one of the fastest ways for empowering historically disadvantaged groups, such as women and 
minorities (Hafkin & Huyer, 2006).  ICT gives empowerment by giving access to complete information, excellence 
and reliability of such information help in making decisions (Ogato, 2013). Thus, ICT empowers the women by 
increasing their purchasing power and by taking decision and control over issues that improve their lives. 
Main objective of the study is to find the role of the ICT in enhancing women’s  empowerment and to enhace 
the process of achiecing SDGs 2030. We have used dynamic panel data and applied Generalized Method of 
Moment (GMM) for estimating impact of the ICT on women’s empowerment for 51 developing countries over 
the period 2000-17. The study contributes in existing literature by examining the role of ICT on women’s 
empowerment by focusing on women’s empowerment related SDGs specifically goal 4, 5 and 8.  
The goal 4 is to provide quality education and eliminate the gender disparity from education. Goal 5 “gender 
equality” and its target 5b specifically focus to enhance the use of technology (information and communication 
technology) for empowerment of women. Goal 8, “Decent work, economic growth and access to technical 
education,” target 8.2 and 8.5 which mentioned in the study achieving development through technological 
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upgradation and decent work for all women and men. This study therefore, aims to identify the role of the ICT in 
women empowerment for fostering SDGs and will also provide policy relevance in achieving the SDGs.  
Rest of the study is organized as: Section 2 discusses literature review. The definition of variables and data 
source are provided in Section 3, while Section 4 represents the methodology, results of the study are mentioned 
in section 5 and section 6 gives conclusion and recommendations of the study. 
 
2. Literature Review 
The way ICT has transformed our lives over the period of last two decades have been effectively captured by the 
global and local literature. ICT related research has given birth to a whole stream of theoretical and inter-
disciplinary empirical research. A significant part of this literature has tried to assess the economic impact of ICT 
on women empowerment as well.  
ICTs definition and scope has attained different dimensions in the literature. It is like Information Technology 
(IT), but its main concern is on communication technologies. It is important to note that, ICT not only confined to 
use computer, internet, cell phones and telephone lines but it is also about information and communication (Dlodlo, 
2009). World Bank explains the ICT as it is combination of hardware, software, networks, and media for 
assemblage, storage, processing program, and demonstration of  information in the form of voice, data, text, and 
description (World Bank, 2016). 
ICT has complete variety of electronic technologies and methods used to deal with information and 
knowledge, as defined by the United Nations Development Program (UNDP) “ICT are basically information-
handling tools – a varied set of goods, applications and services that are used to produce, store, process, distribute 
and exchange information”. ICT are usually referred to assets such as computer and related hardware, software, 
communication and video equipment (OECD, 2017). 
ICT provides people with access to and sharing of information which can increase their capabilities and lead 
them to empower (Obayelu & Ogunlade, 2006). According to (Mansell & Wehn 1998), effective use of ICT has 
the ability to develop and empower societies through greater inclusion, wellbeing, cooperation and participation. 
ICT affects quality of life through knowledge, education and skills.  
Similar to the ICT there is no worldwide definition of ‘empowerment’, many authors discuss empowerment 
in their own way. As Kabeer 1994 defined empowerment as “the expansion in people’s ability to make strategic 
life choices in a context where this ability was previously denied to them”. UNICEF (1993) stating that “women’s 
empowerment should be addressed at the level of basic welfare services, access to resources, mobilization and 
participation, and control over power”. 
A number of empirical studies are based on measuring ICTs impact on female participation in the labor market 
and showed that an increase in the use of ICT would in turn increase the participation of female in labor force 
(Chen, 2004; Beyond Access, 2012; Efobi et al, 2018; Nikulin, 2017; Shehata 2017). Use of the ICT has a positive 
impact on closing the gender employment gap as ICT has tendency to provide employment opportunities for 
women (Shehata 2017). 
The empowerment of women is not only driven by poverty but also by women’s increasing educational 
attainment and opportunities created in modern countries (Klasen & Pieters, 2012). ICT is knowledge based, and 
its entry to labor market is influenced by many aspects, and education is one of the most vital factor in determining 
access to it labor market. Involvement of the ICT with the support of educational need helps to empower women 
in the society (Chen 2004).   
A number of studies have emphasized the gender empowerment through ICT, which could be in the form of 
education, knowledge formation and employment (Hafkin, 2000; Chen 2004, Islam 2015).  Use of the ICT has the 
ability to improve women social and economic conditions in developing countries (Asongu & Odhiambo 2018).   
In our study we take empowerment as a process that makes women able to recognize themselves for accomplished 
task and lead women to capable of decision making choices about their lives in economic, social and cultural 
aspects.  
 
3. Data and Definitions of Variables 
In this section, we will discuss the source of data and define the variable. The study analyzes the dynamic panel 
data of 51 developing countries for the time period 2000-17. The data has been taken from World Development 
Indicators (WDI) of the World Bank for the ICT indicators and also for control variables. 
The study develops ICT index from several ICT access and use indicators. The study use the following 
indicators to develop the ICT index, mobile phone users per 100 people, internet users per 100 people, fixed 
broadband subscriber per 100 people and telephone users per 100 people.  To convert the ICT indicators into 
composite index, the study used the weighted average method. We also use different control variables in order to 
avoid the issue of omitted variable bias. Table 1 presents the detailed definition of all variables. 
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Table 1: Definition of Variables: 
Variables  Symbols   Source  Description  
Dependent Variables    
Female labor force 
participation  
FLFP WDI Labor force participation rate of female from the total 
working population of age 15-64. It is taken as dependent 
variable. 
Main variable of 
interest 
   
ICT index ICT_index WD Which combines 
i) the Internet users per 100 person who have access the 
worldwide networking,  
ii) mobile phone users per 100 person,  
iii) telephone main line users per 100 person by connecting 
a customer’s equipment to the public network and  
iv) the fixed broadband subscribers per 100 person. 
GDP GDP WDI GDP growth rate is taken as the proxy for economic 
development 
Gross fixed capital 
formation 
GFCF WDI Gross capital formation  (annual growth rate is a measure of 
investment 
Fertility rate FR WDI Fertility rate total (birth per women) 
Urban ratio UR WDI Urban Population divided by total Population 
General government 
expenditure 





GEE WDI Government expenditure on education  (annual growth rate) 
Trade openness TO WDI Import plus export divided by GDP growth 
Table 2 shows descriptive statistics of the given variables. Summary statistics show that almost 46% of the 
women in the given countries participate in the labor force.  Across countries variation in labor force is 15%. 
Average ICT index is 25.81 and across country variation is 17%.   
Table 2: Descriptive Statistics 
Varia-ble  Obs Mean Std.Dv  Min  Max 
Flfpr 918 45.82 15.044 11.893 81.841 
ICT 918 25.812 17.526 0.167 70.966 
GDP 918 4.344 3.368 -14.759 18.287 
Fr 918 2.622 0.975 1.085 5.58 
Ur 918 0.552 0.194 0.182 0.988 
Gfcf 918 6.027 13.15 -41 57.964 
Gce 918 4.395 6.643 -23.076 85.359 
 Gee 918 4.394 2.023 1.012 14.059 
Trade 918 0.742 0.354 0.156 2.473 
Table 3 shows the correlation matrix for all variables used in estimation. Which has been provided the 
bivariate relationship among the variables. It has been observed that ICT index has positive association with 
outcome variable. Also the ICT index has significant association with other control variables and there is no 
multicollinearity obsereved among variables.  
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Table 3: Correlation Matrix: 
  
Variables 
1 2 3 4 5 6 7 8 9   
  Flfpr 1    
  ICT 0.047 1   
  GDP 0.073 -0.238 1   
  Fr 0.032 -0.445 0.036 1   
  Ur -0.044 0.423 -0.218 -0.464 1   
  Gfcf -0.014 -0.131 0.407 -0.01 -0.033 1   
  Gce 0.082 -0.137 0.238 0.159 -0.179 0.036 1   
  Gee 0.09 0.119 -0.148 -0.135 0.187 -0.077 -0.147 1    
  Trade 0.276 0.214 0.017 -0.183 -0.027 -0.007 -0.015 0.241 1   
 
Methodology 
To investigate the impact of ICT on women empowerment, most of the studies used OLS, panel GLS and panel 
IV, ARDL approach and GMM technique (Chen 2004; Islam 2015; Nikulin 2015; Efobi et al 2018; Asongu & 
Odhiambo 2018). In current study we used the (Roodman 2009) GMM approach also use by  (Asongu & 
Odhiambo, 2018). The reason for adopting GMM is that it produces more efficient estimates and avoid the 
proliferation of instruments and also tackle   endogeneity, heterogeneity and over identification issues. Female 
labor force participation rate is used as dependent variable, while ICT index is our main independent variable 
which is supported by control variables. 
1. 𝐹𝐿𝐹𝑃 =  𝛽 + 𝛽 𝐹𝐿𝐹𝑃 - +  𝛽 𝐺𝐷𝑃 +  𝛽 𝐼𝐶𝑇 + 𝛽 𝐹𝑅 +  𝛽 𝑈𝑅 +  𝛽 𝑙𝑛𝑇𝑂 +  𝛽 𝑙𝑛𝐺𝐹𝐶𝐹 +
 𝛽 𝑔𝑐𝑒 + 𝛽 𝑔𝑒𝑒 +  𝜀 + 𝜂 + 𝜇   
2. 𝐹𝐿𝐹𝑃  − 𝐹𝐿𝐹𝑃 = 𝛽  (𝐹𝐿𝐹𝑃 - − 𝐹𝐿𝐹𝑃 ) + 𝛽 (𝐺𝐷𝑃 − 𝐺𝐷𝑃 ) +  𝛽 (𝐼𝐶𝑇 − 𝐼𝐶𝑇 ) +
 𝛽 (𝐹𝑅 − 𝐹𝑅 ) +  𝛽 (𝑈𝑅 − 𝑈𝑅 ) +  𝛽 𝑙𝑛𝑇𝑂 − 𝑙𝑛𝑇𝑂 ) +  𝛽 (𝑙𝑛𝐺𝐹𝐶𝐹 − 𝑙𝑛𝐺𝐹𝐶𝐹 ) +
 𝛽 (𝑔𝑐𝑒 − 𝑔𝑐𝑒 ) + 𝛽 (𝑔𝑒𝑒 − 𝑔𝑒𝑒 ) + (𝜂 − 𝜂 ) + (𝜇  − 𝜇 ) 
Where 𝜀   is the country-specific effect, while 𝜂  time-specific constant and 𝜇   is the residual of the model. 
 
Estimation Technique 
The current analysis is based on the GMM approach (Roodman 2009). Our purpose of using two differenced GMM 
approach for our dynamic panel data model is to take care the following issues, firstly number of cross sections 
are greater than the number of time series, i.e. N>T which is 51>18. Secondly, to handle the endogeneity problem 
for time invariant omitted variables and simultaneity handled by taking instruments which also control 
heterogeneity. Thirdly, there should be panel data as for GMM method, which shows that cross-country differences 
are considered (Asongu and Nwachukwu, 2017; Efobi et al 2018).  Fourth, lag value of female labor force 
participation is consistent over time as the correlation coefficient between the level and first lag of the indicators 
are higher than 0.8 (Asongu& Odhiambo 2018). 
 
Results  
In table 4 we have discussed the results of female labor force participation rate measured by two-step difference 
GMM. The technique has the ability to include more relevant instruments unlike the system GMM.  
To ensure the robustness of our results, we have estimated three models by including a set of additional 
variable to find that our results are consistent. The ICT index is statistically significant with expected sign which 
implies that ICT has positive impact on female labour force participation rate and can strengthen the efforts for 
achieving SDGs 5, 4 and 8, if ICT index is increased by 1 unit the female labour force participation rate would 
increase by 0.037 percent. Although this result shows lower influence but our all three models suggest that the ICT 
is significant and has positive impact on women empowerment. 
  
Journal of Information Engineering and Applications                                                                                                                       www.iiste.org 
ISSN 2224-5782 (print) ISSN 2225-0506 (online)  
Vol.11, No.1, 2021 
 
5 
Table 4: Dependent variable: female labor force participation rate 
                  (1)             (2)              (3)      
L.flfpr          0.371***        0.336***        0.415*** 
                (11.44)          (8.73)          (16.77)   
ICT              0.0314***       0.0418***       0.0373*** 
                (3.71)           (5.26)          (4.57)    
GDP              0.0280**        0.0344***       0.0516*** 
                (3.12)           (3.83)          (11.96)    
fr              -0.142                                    
               (-0.32)                                    
gce             -0.0568***      -0.0621***      -0.0554*** 
               (-7.28)          (-7.40)          (-4.57)    
lnTO            -2.194***       -2.486***       -1.977*** 
               (-6.52)          (-7.32)          (-6.40)    
ur              -4.186         -10.28*          -14.12**  
               (-0.56)          (-2.58)          (-2.81)    
lngfcf           0.061*          0.0425                    
                (2.41)           (1.47)                    
gee              0.467***        0.573***        0.719*** 
                (4.05)           (6.09)          (8.46)    
N                816               816            816    
AR(1)            0.018             0.037          0.001       
AR(2)            0.674             0.587          0.392  
Our results show expected signs of control variables, the positive and significant impact of GDP growth in 
terms of economic development on women empowerment. The results indicate that economic development is 
inclusive with respect to women empowerment in developing countries. The government expenditure on education 
has positive impact on female labor force participation rate and fostering the process of SDGs. GFCF has positive 
association with women empowerment.  
On the other hand, log of trade openness has significant but negative impact on female labour force 
participation rate which is in case of developing countries maybe the case that more import means less domestic 
economic activities which in turn implies lower flfpr.  Our estimates suggest that, on average, a 1 percent rise in 
the government final consumption expenditure is associated with about a 0.057 percent reduction in women 
empowerment in developing countries. While the urban ratio has negative impact on female labour force 
participation rate. 
 
Conclusion and Recommendations: 
As having almost an equal proportion in terms of population, it is as necessary to highlight the issues to provide 
suitable solutions for women as for men so that both can contribute towards economic betterment. The ICT has 
played an important role to empower women over past couple of decades and has a distinctive consideration in 
setting the SDGs. 
The study finds that the ICT has statistically significant and positive impact on women empowerment, which 
shows that easy access and use of the ICT can improve the female labor force participation rate. Other feature 
variable like GDP growth rate, government expenditure on education and gross fixed capital formation has also 
significant and positive impact on women empowerment.  
Our finding supports the positive role of the ICT on female labor force participation rate which has implication 
for the SDGs in many perspective notably, empowering women, enhancing technology, increasing participation 
of women in labor force and inclusive development and economic growth in developing countries.  
It is necessary to make women feel empowered and an important part of the society as women can participate 
in economic activities but also feel motivated enough that can lead them achieve self-actualization increasing their 
productivity and fostering the process of achieving SDGs through use of ICT. Therefore, it is beneficial for any 
society to empower women and ICT is one of the important tools to achieve this objective.  
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